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INTRODUCTION. 
The  present  paper  reports  a  study  of  the  peptone-hydrolyzing 
enzyme of  Meningococcus.  The  activity  of  this  enzyme  has  been 
studied  with  sterile  solutions  of  the  bacterial  substances,  not only 
devoid  of  living  bacteria  but  freed  of  bacterial  cells  by  Berkefeld 
filtration. 
The maltase of Meningococcus has been demonstrated in the preceding paper 
[1).  The fragility of meningococci  and the readiness  with which  they undergo 
dissolution,  facilitate  the  preparation  of sterile  solutions  of their intraceilular 
substances.  A search of the literature, however,  has revealed little work on the 
enzymes of Meningococcus.  Flexner (2)  in his early studies  on Meningococcus 
demonstrated experimentally the enzymatic nature of the processes involved in the 
dissolution  of the bacteria which  occurs in laboratory cultures.  He  recognized 
the intracellular nature of the autolytic enzyme and studied the conditions which 
influence  its operation.  Since that time,  there have been numbers of incidental 
reports on the autolysis of meningococci without, however, evidence referring the 
process to a bacteriolytic enzyme.  Sturges and Rettger (3) studied the autolysis 
of suspensions  of meningococci  and  observed that  increases  in  amino  nitrogen 
accompanied  the  morphological  disintegration  of  the  bacterial  cells.  Their 
paper is concerned, however, with autolysis of bacterial suspensions and does not 
furnish  a  demonstration of an active enzyme operative in solutions  filtered free 
from bacteria. 
EXPERIMENTAL. 
Methods. 
Preparation of Enzyme Solulions.--The  earliest reports on bacterial enzymes 
were concerned with the so called  "exocellular" enzymes which are liberated or 
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secreted  into the culture medium during the growth of the bacteria.  It is now 
recognized, however,  that many of the enzymes of bacteria are more intimately 
bound  to the microbial cell  and are  set free into the surrounding medium  only 
upon  its  disintegration  and  the  experimental  demonstration  of  these  enzymes 
depends upon their liberation either by imposed physical or chemical conditions 
or by autolytic processes.  Since the enzymes are labile substances, it is important 
to  prevent  their  deterioration  or  inactivation  during  the  processes mentioned. 
Studies  (3)  on the  oxidation of pneumococcus enzymes present  many examples 
of  the  importance  of  protection  of  enzyme  solutions  from  air  during  their 
preparation. 
The meningococcus enzyme solutions used in this study were derived from a 
strain of normal meningococci and were prepared by the method described in the 
preceding paper  (l). 
Substrates.--2 per cent solutions  of Bacto-peptone or  proteose peptone  were 
prepared  in  0.1  ~r  phosphate  solution  (pH  7.6).  The  peptone  solutions  were 
sterilized  in  the  autoclave. 
TABLE  I. 
Hydrolysis of Peptone by Sterile Solutions of Meningococcus. 
NH2-N per 100 ce. of hydrolysis  mixture 
I 
Heat-inactivated  enzyme  .  Active enzyme  1,  Increase due to action of enzyme 
trig.  mg.  I  mg, 
34.0  I  46.5  12.5 
Amino Nitrogen Determinations.--The increases  in  amino  nitrogen  were  de- 
termlned  by  direct  analysis  of  the  enzyme-substrate  mixtures  by Van  Slyke's 
nitrous acid method. 
Sterility ControL--No antiseptics were added to any of the hydrolysis mixtures. 
Sterility was controlled by cultural methods. 
A ction of Enzymes of Meningococcus upon Peptone. 
The first step in the investigation consisted in tests of the action  of the sterile 
solutions  of meningococci upon  peptone.  It  is  unnecessary  to  describe  these 
experiments since the protocol given in Table I is sufficient evidence of the presence 
of an active enzyme which hydrolyzes peptone in the complete absence of living 
or  formed  bacterial  cells. 
In the experiment reported in Table I, 0.5 cc. of the active enzyme solution was 
added to 5.0 cc. of sterile peptone solution; an equal amount of enzyme previously 
inactivated by heat was added to another tube of the peptone substrate to serve as 
control of the active enzyme.  After 36 hours incubation, amino nitrogen analyses 
were made to determine the extent of peptone hydrolysis.  The protocol is given 
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The protocol given in Table I  is evidence of the active enzyme of 
Meningococcus which retains its ability to hydrolyze peptone in the 
complete absence of living or formed bacterial cells. 
Heat lability of the Peptonase Enzyme of Meningococcus. 
All  of  the  usual  bacterial  enzymes  are  sensitive  to  heat.  The 
following experiment investigated the degree of thermolabiUty of the 
peptonase enzyme of Meningococcus. 
'oo 
o 
•  a  4 
o  c 
2 
0 *C, 
I 
30  °  40  °  50  °  60  °  70  °  80  °  90  °  100  ° 
Tempeea~u~ to which enzyme wae expoeed ~o~ i0min. 
l~a. 1. Heat lability of meningococcus  peptonase. 
Portions of the enzyme solution (pH 7.4) were heated for 10 minutes 
at  40  °,  55 °,  65  °,  80  °,  and  100°C.  Equal  amounts  of  the  heated 
enzyme were added  to  a  series of tubes  containing 5  cc.  of sterile 
peptone  solution.  A  control  tube  of  peptone  to  which  unheated 
enzyme was added was used to determine the initial activity of the 
enzyme.  The results of the experiment are presented in Fig.  1. 
As shown in Fig. 1, the endocellular peptonase enzyme of Meningo- 
coccus is  a  heat-labile  substance.  The  rate  of its  inactivation  in- 166  BACTERIAL  ENZYMES.  II 
creases with increase in  temperature, and it is entirely destroyed by 
exposure to  100°C. for 10 minutes. 
IntraceUular Nature  of  Peptone-Splitting  Enzymes  of  Meningococci. 
The fact that the active enzymes demonstrated by the experiment 
fielding the figures given in Table I  were prepared by disruption of 
the bacteria, in itself indicates that the peptone-hydrolyzing enzyme 
is of endocellular nature.  Proof of this was obtained by comparing 
the peptone-splitting activity of the supernatant of an unautolyzed 
broth culture with the activity of a sterile solution prepared from the 
bacterial cells removed from the broth culture by centrifugation.  The 
results of these experiments showed that while solutions of the intra- 
cellular substances of the bacteria actively hydrolyzed peptone, the 
bacteria-free supernatant fluid of unautolyzed cultures is practically 
devoid of peptone-splitting properties. 
A slight activity exhibited by the bacteria-free filtrate of the broth 
culture can be referred to the liberation of the intracellular substances 
by the dissolution of the bacterial cells, a process which occurs rela- 
tively early in meningococcus cultures. 
Comparison of Resistance to Heat and to Oxidation of the Maltase and 
Peptona3e Enzymes of Meningococci. 
In a previous paper on the oxidation of pneumococcus enzymes (4) 
it was pointed out that the activity of some of the more labile enzymes 
may be destroyed by oxidation processes which cause little loss in the 
activity of the more resistant enzymes present in the same mixture 
of  intracellular  substances.  It  was  also  shown  that  the  relative 
order of resistance of the hydrolyzing enzymes to oxidation agrees 
with the order of heat resistance of the same enzymes.  It seemed of 
interest,  therefore, to determine if the same relation holds true for 
the maltase and peptonase enzymes of meningococci, both of which 
are present in the bacterial cell solution. 
Facts  illustrating  the  relative  resistance  of  the  meningococcus 
enzymes were obtained by the following experiment. 
A portion of enzyme solution was heated for 10 minutes at 55°C.,  a period which 
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other  portions  of  enzyme solution  were exposed for 12 hours to different  concen- 
trations  of H202.  The initial  concentration  of 1-1202  in the first  tube was 150 
n~; in  the  second  tube,  25  n~.  A part  of  the  H20~  was  destroyed  by  the  catalase 
and  peroxidase  of  the  meningococcus  cell  solution  so  that  the  concentration  of  the 
oxidizing  agent  during  most of  the  oxidation  treatment was  considerably  less  than 
is  represented  by these  figures. 
For tests  of  peptone-splitting  activity  the following  hydrolysis  mixtures were 
prepared: (I)  peptone  plus  untreated,  or  active  enzyme; (2)  peptone  plus  enzyme 
heated I0 minutes at 55°C.; (3) peptone plus  enzyme exposed to 25 rn~ H20~; 
(4)  peptone  plus  enzyme exposed to 150  m~ H20~; (5)  peptone  plus  enzyme com- 
pletely  inactivated  by heat (boiled). A  similar  series  was prepared to test  the 
maltase activity,  which was done by adding equal amounts of the above treated 
enzyme  solutions  to sterile  maltose. 
TABLE  II. 
Relative Resistance to Heat and to Oxidation Exhibited  by tke Peptonase and Maltase 
Enzymes of Meningococcus. 
Peptonase 
activity  l 
(increase in ]  Maltase  Treatment of enzyme  N'H2-N,  [  activity 
rag. in 100 
C£. ) 
rag. 
13.0 
9.8 
10.2 
3.1 
0 
Active (or untreated) enzyme solution ......................... 
Enzyme solution heated 10 rain. at 55°C  ....................... 
Enzyme solution exposed to 25 rn~ 1-1202  ....................... 
Enzyme solution exposed to 150 m~ H~O2  ...................... 
Enzyme solution heated 30 rain. at 100*C. (control) ............. 
+ 
0 
0 
0 
0 
The maltose-splitting was determined by the biological method described in the 
preceding paper. 
The results of this  experiment  (Table II)  show  that  the  meningo- 
coccus  maltase  is  completely inactivated  by  heating  and  oxidation 
treatment  which  is  insufficient  to  inactivate  all  of  the  peptone- 
hydrolyzing  enzyme.  This  difference  in  relative  stability  of  the 
carbohydrate-splitting and peptone-splitting enzymes of meningococci 
is similar to that previously shown  (3)  to hold for the same enzymes 
of pneumococci. 
DI.SCUSSION. 
Evidence has been presented that the meningococcus  cell  contains 
an active enzyme  which on separation from the bacteria suffices  to 168  BACTERIAL  ENZYMES.  II 
hydrolyze peptone  to  simpler  peptides  and  amino  nitrogen.  The 
commercial peptone used  as  substrate  in  the  demonstration of the 
enzyme represents a  mixture of protein  hydrolysis products  which 
includes derivatives of varying degrees of complexity.  Since living 
cultures of meningococci do not exhibit the marked proteolytic proper- 
ties possessed by the so  called "liquefying" bacteria,  it is  probable 
that the enzyme solutions used in the present investigation would not 
attack intact or native proteins to the same degree as peptone.  In 
view of  this  evidence that  the  sterile  bacterial  solution  acts  more 
readily on  the  simple  protein  derivatives  occurring in  "peptone," 
it is advisable to adopt the term "peptonase" in referring to the active 
enzyme involved.  This term has been employed by Avery and Cul- 
len (5)  to describe the enzyme or enzymes of  Pneumococcus which 
hydrolyze the peptides of peptone to simpler products.  The  "pep- 
tonase" enzyme of Meningococcus is more resistant both to heat and 
to  oxidation  than  is  the maltase  enzyme,  just  as  the  "peptonase" 
enzyme of Pneumococcus is  more resistant  than  the  carbohydrate- 
splitting enzymes of the same bacteria. 
The peptonase enzyme is endocellular in  nature and  must  be re- 
garded as a  heat-labile constituent of the menlngococcus cell, which 
would  be  set  free whenever lysis  of  the  bacteria occurs either in 
artificial culture or in the tissues of an infected host. 
SLrM~ARY. 
The meningococcus cell contains a  peptonase  enzyme  which  hy- 
drolyzes the peptides  and similar constituents of commercial "pep- 
tone."  The activity of this enzyme is independent of the presence 
of  the  formed bacterial  cell.  The  peptonase  enzyme is  more  re- 
sistant  to heat and to oxidation  than is  the  maltase enzyme of the 
same bacteria. 
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